Jour. Korean Earth Science Society, v. 29, no. 3, p. 290-304, June 2008

K

solH AT AWe 93t DSHD A ==Y e
A &2 e SMo=

deF - olgy - 28 - Y

AEWE FRu G A FAFLEAT, 702-701, hTFHA 7 AHEF 1370

The Development of High School Instructional Program for Increasing
Creative Thinking Abilities: Focused on Building
a Scale Model of the Solar System
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Abstract: The purpose of this study was to develop instructional programs for 10th graders to facilitate their creative
thinking abilities and understanding concerning the scale of the Solar System. The programs were based on four major
themes and composed of eight lessons which dealt with the relative scale of the Solar System. The programs were
applied to 155 students at G high school in Gumi City. The results showed that the programs were helpful to students in
that they facilitated easier understanding of the relative sizes of planets within the solar system as well as creative
thinking abilities including divergent thinking and convergent thinking.
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Table 1. Major themes, contents, and factors of creativity in the program

Program Themes

Contents

Factors of Creativity

Comparison of planetary sizes Free expression based upon a flexible comparison of the Fluency, Flexibility, Elaboration,

1 in the Solar System
(3 Lessons)

relative sizes of planets in the Solar System; Scaling
down solar system models to the size of a basketball.

Originality (Application Synetics
and Brainwriting )

Comparison of planetary

Scale down planetary distances to the size of a

Elaboration

2 distances within Solar System basketball; Elaborate upon the reduced distances among

(2 Lessons) the planets

3 Making a scale model of the Make an original scale model of the Solar System out of Flexibility, Elaboration, Originality

Solar System (2 Lessons) rubber clay.

Is it possible to put other
4 planets inside Jupiter?
(1 Lesson)

Compare the relative sizes of the planets by placing the ~ Openness, Originality
smaller planets inside the bigger ones.
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Table 2. The units and topics related to the 7th National Science Curriculum

Grade Units Topics
8th grade The Earth and Stars The Solar System
9th grade Motion within the Solar System Planetary motion
10th grade The Solar System Comparison of planetary sizes and distances within the Solar System

Fig. 1. The materials of Program 1: Basketball, apple seeds,
and a grape.
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Fig. 2. Explanation of a scale model of planetary sizes within the Solar System (Yoon, et al., 1998).
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Table 3. Comparison of planetary sizes in the Solar System
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Sun Mercury  Venus Earth Mars Jupiter Saturn Uranus ~ Neptune
Actual Diameter (km) 1500,000 4,878 12,104 12,736 6,794 143,000 120,540 51,200 49,500
Equatorial radius (Earth=1) 117 0.38 0.95 1.00 0.53 112 9.41 4.01 3.88
Comparison basketball apple seeds a grape
Comparison
Comparison

toon

L T I P T -

Fig. 3. Explanation of a scale model of the size and distance between the Earth and Moon (Yoon, et al., 1998).
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Actual Diameter (km) 12,756 100 10 1
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Table 5. Standards and components used by the program to evaluate creative thinking abilities

Components

Evaluation Standards

Fluency
Flexibility
Elaboration
Originality

The more expression concerning the Solar System Family the better.

The more varied the expression of the shapes of the members of the Solar System Family the better.

The more precise the comparison of the relative sizes and distances among the members of the Solar System Family the better.
The more original the clay model displaying the Solar System Family’s features the better.
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Fig. 4. Explanation of a scale model of the planetary distances within Solar System (Lee, et al.,, 2001).

Table 6. Comparison of the planetary distances within Solar System

Relative distance Sun Mercury  Venus Earth Mars Jupiter Saturn Uranus  Neptune
Actual Distances (10° km) 0 58 108 150 228 778 1,427 2,871 4,497
Distance (Earth = 1 AU) 0 04 0.7 1 1.5 5 10 19 30
Distance from basketball (m) 0 0.4 0.7 30 45 150 300 570 900
Earth  Jupiter
| fuet | l 1 |
o 10 20 30 40
Sun Distances from the Sun

Fig. 5. Explanations of the planetary distances from the Sun.
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Table 7. Comparison the distance of the Earth o asteroids, Halley’s comet and meteors within Solar System

Farth Asteroids Halley’s Comet Meteors
Distance {(Earth=1) 1 3 50,000 1
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Table 8. Standards and components used in the program to evaluate creative thinking abilities

Components

Evaluation Standards

Flexibility ~ The more accurate the expression of form and color for each memeber of the Solar System Family the better.
Elaboration The more precise the comparison of the relative sizes and distances among the members of the Solar System Family the better.
Originality ~ The more original the clay model displaying the Solar System Family's features the better.
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Table 9. Standards and components used in the program to evaluate creative thinking abilities

Components Evaluation Components
Openness The greater the volume in which to place the planets into Jupiter the better,
Originality The more original the method of placing other planets inside Jupiter the better.
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Table 10. The results of students’ activities comparing planetary sizes within the Solar System

Sun Mercury Venus Earth Mars Jupiter Saturn Uranus Neptune
Acmal(g;a)mem 1,500000 4878 12,104 12,756 6,794 143,000 120540 51,200 49,500
Eq“a@t‘;i;l:la)dms 117 0.38 0.95 1.00 0.53 1.2 9.41 401 3.88
Comparison - basketball* strz;:;t;esrry ?:elgg ; s?;glsi : ;lllllll:ti : grape* - a thumb nail : seed as:;lg:l
Comparison ~ watermelon  an ant a grii:i of i?cfs s a gﬁi‘l;lel of p m%:l)lo g ’ a irzilln of garden peas
~millet - watermelon pear a drosophila  walnut a cherry a wild berry :

Comparison pumpkin

seeds* - seeds seeds

% Shadow marking* mdlcates the most appropriate objects of comparison in each group that the convergence thinking denved
the divergence thinking application through Brainwriting.
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Table 11. The results of students’ activities compating the size of the Earth with asteroids, Halley’s comet and meteors within

the Solar System

Earth Asteroids Halley’s Comet Meteors
Actual Diameters (km) 12,756 10 1
Diameter (Earth=1) 00 0.001 0.0001
Comparison sand a grain of wheat flour
Comparison p lead (sharp)
Comparison white eyeball of pollack eye mucus mud

¥ Shadow marking* indicates the most appropriate objects of comparison in each group that the convergence thinking derived

the divergence thinking application through Brainwriting.
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Table 12. The results of students’ activities comparing planetary distances within the Solar System

Relative distance Sun Mercury  Venus Earth Mars Jupiter Saturn  Uranus  Neptune
Actual Distances (106km) 0 58 108 150 228 778 1,427 2,871 4,497
Distance (Earth=1AU) 0 04 0.7 1 1.5 5 10 19 30
Distance from basketball (m) 0 0.4 0.7 30 45 150 300 570 9500

Venus
steor
Mercy ars Uranus Neptune
/ﬁsteroid ]
Earth Ju;‘)'ite{ Satum
0 10 30 40
Sun Distances from the Sun/AU

Fig. 6. Student’ drawing about the planetary distances from the Sun.
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Table 13. The comparison the distance of the Earth with its asteroids, Halley’s comet and meteors in the Solar System

Earth Asteroids Halley’s Comet Meteors
Distance (Earth=1} 1 3 50,000 1
Distance from basketball (m) 30 90 1,500,000 30
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Fig. 7. Student’s outcome: Building a scale model of the Solar System.
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